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Resumen
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Shanthikumar (1993) para calcular analíticamente las propiedades de siste-
mas de líneas de espera tipo M/G/1/K ¢ȱȱȱǯȱȱ£ȱ-
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propiedades de sistemas M/G/1/Kȱȱǰȱȱȱȱȱȱȱ
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ęàȱȱàȱȱȱȱȱǰȱ
ȱȱȱÛȱǰȱȱȱ
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Experimentos y resultados 
ȱ£àȱȱȱȱȱȱęȱȱ-
Ûȱȱ·ȱȱȱ¤ȱȱȱȱȱ
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ȱęȱȱàȱ¤ȱȱȱȱ¤-
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ȱ ȱ ¡ǲȱ ȱ ȱ ȱ ȱ £ȱ ȱ
ȱȱ	ǯȱ ȱ ȱ ȱ ȱȱȱ
ȱ·ȱȱ£Ĵȱȱȱȱȱȱ
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CV  ǯ
ȱȱȱȱȱȱȱȱ
ȱ ȱ ¤ǲȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
ȱȱȱȱȱȱȱȱ-
ǰȱȱȱȱȱȱȱȱȱ
ȱȱȱȱȱȱȱȱ-
ȱȱǰȱÇȱȱ£ȱȱ-
ȱȱȱȱȱȱàȱǻȱȱ·ȱ
de 2
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ȱÇȱȱȱȱàǯ
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En la tabla 2 se muestran los datos empleados para las 
ȱȱȱȱȱȱȱ¢ȱȱ 2

CV ȱȱ-
ȱȱȱȱǯȱȱȱȱŘȱȱȱ
ȱęȱȱàǰȱȱȱȱřȱ¢ȱŚȱȱȱ
ȱȱȱ¤ȱȱȱ¢ȱ¤ȱȱȱ
ȱȱàȱȱàȱǰȱȱȱȱȱ
ȱȱȱȱ¢ȱȱ£ȱȱȱȱ
ǰȱȱȱȱȱȱȱȱśȱ¢ȱŜǯ
ȱȱȱȱȱȱȱȱŗǱȱȱȱ-
àȱȱȱȱƽȱŗȱ¢ȱΌ ƽȱŖǯŜśǰ le corresponde un tiem-
ȱȱȱȱȱȱȱŖǯŜśȱȱ¢ȱ£ȱȱ
ŖǯŚŘŘśȱ2ȱ ¢ȱ ȱȱęȱȱ ȱȱ ȱ
ȱȱȱȱȱȱȱȱ¡ǲȱȱ
¤ȱȱȱȱ¢ȱęȱȱàȱ
ȱȱȱȱ£ȱȱ¤ȱÇǯ
Para validar los resultados obtenidos con el método 
Çȱȱ¢àȱȱȱȱȱ-
)LJXUD3ODQWLOOD
SDUDDQiOLVLVGH
VLVWHPDV0*.FRQ
HVWDFLRQHVHQVHULH
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àȱȱȱȱȱǻȱ¢ȱȱŘŖŖŝǼǰȱȱ
£àȱȱȱȱȱΏȱƽȱŗȱȱȱ¡ǲȱȱ
ȱȱȱȱàȱȱ£àȱȱàȱȱ
àȱȱȱȱȱȱȱ-
£ȱȱȱȱȱȱřȱȱȱ¤ȱȱ
ȱ¢ȱȱ ȱ ȱŚȱȱȱ¤ȱȱȱ
ǻȱŘǼǯȱȱ¤ȱȱÛȱȱěȱȱȱ
àǰȱȱøȱȱȱȱàȱ¢ȱȱøȱ
de corridas de simulación realizadas se muestran en la 
ȱřǯ
ȱȱęȱŘȱȱȱȱȱ¤ȱȱ
número de clientes (LǼȱȱȱȱÇȱ¢ȱ
ȱȱȱȱàǲȱȱȱȱȱȱ
ȱ¡ȱ¢ȱàȱȱȱȱǻ 2

CV ȱǁȱŗǼǰȱȱ
número de clientes promedio en el sistema se incre-
ǯȱȱȱȱȱȱȱȱÇȱȱȱ
Ǳȱȱ¢ȱàȱȱ ȱ ȱȱ
ȱȱȱȱàȱȱǰȱȱȱȱ
ǰȱ¡ȱȱȱȱȱǲȱ
Çȱȱȱȱȱ¢ȱȱ¤ȱȱ-
ȱȱàȱȱȱȱȱȱę-
ȱȱàȱ¤ǯ
ȱȱȱȱ¡ȱȱȱȱȱȱ
ȱȱȱȱŚȱȱȱ 2
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CV ȱƽȱŗǯŘśȱ¢ȱŗǯśȱȱ
ȱȱȱÇȱȱȱȱ-
ȱȱȮŜǯŝȱ¢ȱȮŗŗǯşƖȱǰȱȱȱȱ
2

CV ȱƽŗǰȱŖǯŞśȱ¢ȱŖǯŝśǰȱȱȱȱȮŖǯşǰȱřǯŜȱ¢ȱŚǯřƖȱ
ȱȱȱȱȱȱȱ-
àȱǻęȱřǰȱȱŚǼǯ
ȱȱȱȱȱȱȱǻpK) se apre-
ȱȱȱȱȱ 2

CV ȱǰȱȱȱ-
ȱȱȱȱàȱȱȱȱȱ
ȱ·ȱǻȱśǼǯ
ȱȱ·ȱȱȱȱȱ 2

CV ȱƽȱŗǯŘśȱ
¢ȱŗǯśȱȱȱÇȱ¡ȱȱȱȱȱpKǰȱ
ȱǰȱ ȱ 2

CV ȱ ƽȱŗǰȱŖǯŞśȱ¢ȱŖǯŝśǰȱ ȱ ȱ
ȱȱȱÇȱȱ¢ȱȱȱȱ
ȱȱàǯ
ȱøǰȱ ȱ ȱ ȱ ȱȱȱȱ ȱ
estación se encuentre vacía (pŖǼǰȱ ȱ ȱ ȱ ȱ ȱ
ȱÇȱȱȱȱȱȱȱȱ
ȱàǯ
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¤ȱȱȱàȱ
ȱȱȱȱȱ
simulación
ȱȱȱȱ
analítico
Prueba
2

CV
¤ȱȱ
ǻ)
¤ȱȱ
escala(Ό)
ȱȱ
del tiempo de 
servicio ȱƼȱΌ
£ȱ
ȱƼȱΌ2
1 1 1 ŖǯŜś ŖǯŜś ŖǯŚŘŘś
2 ŗǯŘś ŖǯŞ ŖǯŞŗŘś ŖǯŜś ŖǯśŘŞŗ
3 ŗǯś ŖǯŜŜŜŜ ŖǯşŝśŖş ŖǯŜś ŖǯŜřřŞ
Ś ŖǯŞś ŗǯŗŝŜŚ ŖǯśśŘś ŖǯŜś ŖǯřśşŗŚ
ś Ŗǯŝś ŗǯřřřř ŖǯŚŞŝśŖ ŖǯŜś ŖǯřŗŜŞŝ
7DEOD'DWRVDGLFLRQDOHVGHODVSUXHEDV
¤ 
Número de estaciones en serie 3
Ûȱȱě ǻȬǰȱŗŖǰŗŖǼ
ȱȱȱǻȱΏȱǼ 1
Horas de simulación ŗŖŖǰŖŖŖ
Corridas de simulación 3
)LJXUD1~PHURGHFOLHQWHVHQHOVLVWHPDvs 2

CV
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Cuello de botella 
ȱȱȱȱȱ¡ȱȱàȱȱ-
cidad del método analítico para predecir las propieda-
ȱȱȱȱȱȱȱǯȱȱȱ
ȱ ȱ ȱęȱ ȱ ȱ¤ȱ ȱ àȱ¤ȱ
ȱǻ ȱǭȱǰȱŗşşŜǼȱ¢ȱȱȱȱȱ-
ȱȱàȱȱȱ¤ȱȱǯȱȱȱ¤-
ȱŗȱ¢ȱřȱȱȱȱȱȱȱȱȱȱ
ȱȱŖǯŜśȱȱȱȱ¡ȱǻ 2

CV ȱƽȱŗǼǯȱȱȱ
ȱȱȱȱǰȱȱ¡àȱ-
ȱȱŖǯŞȱȱȱȱȱȱ¢ȱȱȱȱȱ
ȱȱȱȱ¤ȱȱȱȱŜǯ
ȱ ȱ ęȱ Śȱ ȱȱL para cada prueba de 
2

CV ǰȱ ȱȱȱ ǰȱ ȱ ȱȱ ȱȱ
botella el valor crece de manera considerable en compa-
àȱ ȱ ȱ ȱ ȱ ȱ ȱ ¢ǰȱ ¤ȱ
øǰȱȱȱȱȱȱȱȱȱàǰȱ
también aumenta Lǯ
ȱȱȱǰȱȱȱȱȱȬ 
ȱȱȱȱȱ¢ȱȱȱȱȱȱ
ȱ ȱ ȱȱ ȱ ¡ȱ ǻ 2

CV ȱ ƽȱ ŗǼǰȱ
entonces el valor de LȱȱȱśǯřŝȱȱŝǯŖřȱȱȱ
ȱȱȱÇǰȱȱȱǰȱ¢ȱȱ-
ȱȱřŖƖȱǻȱŝǼǲȱ¤ȱøǰȱȱȱȱȱ-
ȱ ¤ȱ ȱ ȱ àȱ ¢ȱ ǰȱ ȱ
ejemplo  2

CV ȱƽȱŗǯśǰȱȱLȱȱȱŝǯřřǰȱȱǰȱ
řŜǯŚşƖǯ
7DEOD1~PHURGHFOLHQWHVHQHOVLVWHPD
LS
Ç Simulado 
ŗǯś Ŝǯŗś ŜǯşŞ ȬŗŗǯşƖ
ŗǯŘś śǯŞŗ ŜǯŘř ȬŜǯŝƖ
1 śǯřŝ śǯŚŘ ȬŖǯşƖ
ŖǯŞś śǯŘś śǯŖŝ řǯŜƖ
Ŗǯŝś śǯŖş ŚǯŞŞ ŚǯřƖ
2

CV
7DEOD5HVXOWDGRVGHpK\p0
)LJXUD'LIHUHQFLDvs 2

CV
pK pŖ pK pŖ
Estaciones analítico simulado analítico simulado Estaciones analítico simulado analítico simulado
  
1 Ȧ ŖǯřŚŞ Ŗǯřśś 1 Ȧ ŖǯřŚŝ Ŗǯřś
2 ŖǯŖŖř ŖǯŖŖŖŞ ŖǯřŚŞ Ŗǯřśř 2 ŖǯŖŖřş ŖǯŖŖŗŚ ŖǯřŚŝ ŖǯřŚ
3 ŖǯŖŖř ŖǯŖŖŗŖŗ Ŗǯřś Ŗǯřś 3 ŖǯŖŖřŞ ŖǯŖŖŗŘ Ŗǯřś Ŗǯřś
pK pŖ pK pŖ
Estaciones analítico simulado analítico simulado Estaciones analítico simulado analítico simulado
  
1 Ȧ ŖǯřŚŜ ŖǯřśŘ 1 Ȧ ŖǯřŚ ŖǯřŚř
2 ŖǯŖŖś ŖǯŖŖŘŜř ŖǯřŚŜ ŖǯřśŚ 2 ŖǯŖŖŝ ŖǯŖŖŜŘ ŖǯřŚ ŖǯřŚś
3 ŖǯŖŖŚşş ŖǯŖŖŘŚŞ Ŗǯřś Ŗǯřśś 3 ŖǯŖŖŝ ŖǯŖŖśş Ŗǯřś Ŗǯřśŗ
pK pŖ
analítico simulado analítico simulado
Estaciones  
1 Ȧ ŖǯřŚ ŖǯřŚ
2 ŖǯŖŗ ŖǯŖŗŗś ŖǯřŚ ŖǯřřŜ
3 ŖǯŖŖş ŖǯŖŗŗŘ Ŗǯřś Ŗǯřř
2 Ŗǯŝś
s
CV  2 ŖǯŞś
s
CV  
2 1
s
CV  
2 ŗǯŘś
s
CV  
2 ŗǯś
s
CV  
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)LJXUD1~PHURGHFOLHQWHVHQHOVLVWHPDvs 2

CV &XHOORGH
ERWHOODHQODHVWDFLyQ
7DEOD3DUiPHWURVGHODIXQFLyQJDPPDYDORUHVSHUDGR\YDULDQ]DGHOFXHOORGHERWHOOD
 ¤ȱȱȱàȱȱȱmodelo de simulación
ȱȱȱȱ 
analítico
Prueba 2

CV
¤ȱȱȱ
()
¤ȱȱȱ
ǻΌǼ
ȱȱȱȱ
de servicio ƼΌ
£
ƼΌ2
1 1 1 ŖǯŞ ŖǯŞ ŖǯŜŚ
2 ŗǯŘś ŖǯŞ 1 ŖǯŞ ŖǯŞ
3
ŗǯś ŖǯŜŜŜŜ ŗǯŘŖŖŗ ŖǯŞ ŖǯşŜ
 
Ś ŖǯŞś ŗǯŗŝŜŚ ŖǯŜŞ ŖǯŞ ŖǯśŚŚ
ś Ŗǯŝś ŗǯřřřřř ŖǯŜŖ ŖǯŞ ŖǯŚŞ
7DEOD1~PHURGHFOLHQWHVHQHOVLVWHPDFRQFXHOORGHERWHOOD
Ls
2

CV  Ç Simulado 
ŗǯś ŝǯřř ŞǯŞş ȬŗŝǯśƖ
ŗǯŘś ŝǯŗŞ Şǯřř ȬŗřǯŞƖ
1 ŝǯŖř ŝǯśŞ ȬŝǯřƖ
ŖǯŞś ŜǯşŚ ŝǯŗŝ ȬřǯŘƖ
Ŗǯŝś ŜǯŞŜ ŝǯŖŗ ȬŘǯŗƖ
)LJXUD'LIHUHQFLDvs 2

CV FRQFXHOORGHERWHOOD
·ȱȱȱęȱŚȱȱȱȱL obtenido de 
ȱÇȱȱȱȱȱȱȱȱ-
ȱȱàȱȱȱǻęȱŚȱ¢ȱȱŝǼǯ
ȱȱęȱśȱȱȱęȱȱȱȱL 
ȱȱȱȱÇǰȱ¢ȱȱȱ-
ȱ àǰȱ ȱ ȱ ȱ ȱȱȱ ȱ
obtuvo en la serie de pruebas anterior: si 2

CV  dismi-
¢ǰȱȱȱ¡ȱȱȱÇǯ
ȱȱęȱŜȱȱȱȱøȱȱȱ-
ȱȱȱȱȱȱǻàȱŘǼȱ¢ȱȱ-
ȱȱȱ¢ȱȱȱȱȱ 2

CV ȱ¢ȱ
·ǯȱȱȱàǰȱȱàȱȱȱ-
àȱȱǰȱȱǰȱȱȱȱȱ-
£ȱ ȱ ¢ȱ ȱ ȱ ȱ ¢ȱ ǯȱ
·ȱȱȱȱȱȱȱ¢ȱȱ-
lor de 2

CV ǰȱȱȱ¡ȱȱȱȱÇ-
ȱǯ
)LJXUD1~PHURGHFOLHQWHVHQODHVWDFLyQFXHOORGHERWHOOD
vs 2

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353
 Hernández-González Salvador, Hernández-Ripalda Manuel Darío, Flores-De la Mota Idalia, Vázquez-López José Antonio
Ingeniería Investigación y Tecnología, volumen XVI (número 3), julio-septiembre 2015: 345-354 ISSN 1405-7743 FI-UNAM
7DEOD5HVXOWDGRVGHpK\p0FRQFXHOORGHERWHOOD
ȱȱ Çȱ ȱ ȱ ȱ ¡ȱ ȱ
ȱȱȱǻpK) de la estación 2 (cuello de 
botella) para todas las pruebas de 2

CV ȱǻȱŞǼǯȱȱȱ
ȱȱȱàȱřǰȱȱȱȱȱàȱȱ
ȱȱȱȱȱǱȱȱ 2

CV  > 1 
ȱȱȱȱȱȱȱÇȱ-
àȱ¢ǯ
Conclusiones
En este trabajo se presenta una adecuación al método 
ȱ£Ĵȱȱȱ ȱȱȱ Çȱ
las propiedades de sistemas de líneas de espera M/G/1/K 
ȱ ȱ ȱ ȱ ¢ȱ ȱ ȱ ȱ ȱ-
ȱàǯ
ȱ ·ȱ ȱ ȱ ȱ ȱ ¡ȱ ȱ
ȱȱȱ¡ȱȱȱȱȱ
M/G/1/Kȱȱȱȱǰȱàȱȱȱ
ȱȱ¢ȱȱȱęȱȱàȱ-
ǯȱȱȱȱpŖ calculado es similar al obtenido 
ȱàǰȱȱȱȱȱpKȱȱ¡ȱ-
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CV ȱǯ
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ȱȱȱȱ·ȱȱȱȱȱL 
cuando la variación del cuello de botella es moderada 
( 2

CV ȱǂȱŗǯŘśǼǲȱȱȱȱȱàȱȱȱȱȱ
ȱȱȱ¤ȱ¤ȱȱȱǰȱȱ¡-
mación de Lȱȱȱ¢ȱȱȱȱȱȱ
¤ȱȱȱǰȱȱǰȱȱȱȱpK 
ȱ ȱȱ ȱ ȱ ȱ ȱȱ ȱ ȱȱ
¡ǯ
La adecuación propuesta en este trabajo permite cal-
cular las propiedades de sistemas M/G/1/K con estaciones 
ȱǯȱȱȱȱ¡ȱȱȱȱȱ 2

CV ǰȱ
ȱȱȱȱ¡ȱȱȱȱǲȱ
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àȱȱȱȱ¤ȱȱ¤ȱ¢ȱǯ
ȱ ȱ ȱ ȱ ȱ ȱ ȱ ȱ
¡ȱȱȱȱȱøǰȱȱǰȱ
ȱȱȱȱȱȱ¤ǰȱȱȱȱ
£ȱ¤ȱȱȱ£àǰȱȱ-
ȱȱȱȱ¢ȱȱȱȱ-
solver instancias del problema de la localización del 
ěȱǻǼǰȱȱȱȱȱȱȱȱ
·ȱÇȱ¢ȱÇǯ
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